C olorectal cancer (CRC) is one of the most common cancers worldwide. Reevaluating our current knowledge of CRC and developing novel therapeutic strategies is still crucial. Evidence suggests that cancer cells possess characteristics reminiscent of those of normal stem cells. 1 Unveiling the genes responsible for CRC cell stemness and chemoradioresistance should lead to novel therapeutic approaches.
The epithelial-mesenchymal transition (EMT) is a critical process involved in the transdifferentiation of polarized epithelial cells into an invasive mesenchymal phenotype. 2 The EMT also contributes to the acquisition of stem cell traits in breast cancer cells and the generation of cells with features similar to breast cancer stem cells. 3, 4 These results have provided a crucial link between metastasis and stem cell properties. One of the major EMT regulators is the zinc-finger transcription factor family protein Snail. 5, 6 The critical roles of Snail in CRC have been previously identified; this involves Snail enhancing the degradation of prostaglandin E 2 , which promotes cancer progression. 7 Snail also contributes to the down-regulation of E-cadherin and the vitamin D receptor in colon cancer, which results in the failure of vitamin D analogue treatment. 8, 9 Expression of Snail correlates with poor patient prognosis in CRC. 10 In breast cancer, Snail promotes stemness and generates mammosphere cells. 3 How Snail induces dedifferentiation is unclear, and whether Snail can introduce similar stemness traits in CRC is also undecided. Because Snail or other EMT transcription factors are nontargetable by current therapeutic approaches, the identification of Snail-regulated genes that can be targeted by drugs may lead to the development of novel therapeutic strategies against EMT-related malignancy.
(Supplementary Table 1 ). These samples were immersed in normal saline, brought to the laboratory within 1 hour, and washed 5 times with phosphate-buffered saline containing 500 U/mL penicillin and 500 g/mL streptomycin (Gibco, Carlsbad, CA). Samples of each solid tissue were then immersed in TRIzol reagent (Invitrogen, Carlsbad, CA) for RNA isolation. Other samples from each tissue were immersed in 4% paraformaldehyde (Sigma, St Louis, MO) to allow the preparation of paraffin-embedded blocks. Finally, the remaining samples were minced into small fragments (2 mm 3 ) for primary culture. These tissue fragments were washed in 100 mmol/L phosphate buffer (pH 7.0) with 6.5 mmol/L dithiothreitol (Sigma) for 15 minutes at room temperature to avoid mucus contamination. 11 After removal of dithiothreitol solution and additional washing with phosphate-buffered saline, the tissue fragments were resuspended in serum-free Dulbecco's modified Eagle medium/F12 (Gibco) supplemented with 500 U/mL penicillin-streptomycin and 1.5 mg/mL type IV collagenase (Sigma) for enzymatic dissociation at 37°C for 1 hour. The cells were mechanically broken apart by pipetting every 15 minutes during digestion. Released cell samples were subjected to fluorescence-activated cell sorter analysis, while the remaining cells were cultured using type I collagen-coated (Sigma) plates in RPMI 1640 or Dulbecco's modified Eagle medium (Gibco) supplemented with 10% fetal bovine serum (Gibco) and 1% penicillin-streptomycin to obtain primary cells. Some released cell samples were cultured in stem cell medium (Dulbecco's modified Eagle medium/F12 supplemented with N 2 Plus Supplement [R&D Systems, Minneapolis, MN], 10 ng/mL recombinant basic fibroblast growth factor [bFGF; PeproTech Asia; Rehovot, Israel], 10 ng/mL epidermal growth factor [EGF; PeproTech Asia], and 1% penicillin-streptomycin) to obtain colonospheres. 12 To obtain colonospheres from the cancer cell lines, dissociated cells were cultured in stem cell medium for at least 2 weeks. 12 To enhance in vitro epithelial differentiation, suspended colonospheres were collected by centrifugation and cultured in Dulbecco's modified Eagle medium supplemented with 1% fetal bovine serum 13 and the resultant epithelial-like cells were named sphere-derived adherent cells. TrypLE Express (Invitrogen) was used to separate cells from the centrifuge-collected colonospheres and adherent cells to allow cell counting and other experiments.
Miscellaneous Methods
For other methods, please refer to the Supplementary Materials and Methods.
Results

Enhanced Malignancy in CD44 ؉ CRC Colonospheres Expanded by Culture Under Serum-Free Conditions
Self-renewal capability is a major property of stem cells, and spheroid formation is a self-renewal index. 3 Culture under bFGF(ϩ)EGF(ϩ) serum-free conditions has been used to expand stem-like spheroid cells from primary CRC tissue. [14] [15] [16] Primary cells derived from the bFGF(ϩ)EGF(ϩ) serum-free culture more faithfully mirror the original gene expression profiles and tumor morphology of the cells. 17 We expanded the cancer stem cells as colonospheres from primary CRC specimens and also assessed the sphere formation ability of 5 CRC cell lines. CRC colonospheres were obtained by expansion from a large subset of specimens (16/22; Supplementary Figure 1A and Supplementary Table 1) . However, only the HT29 and HCT15 cell lines formed significant spheroid bodies reminiscent of primary colonospheres after 3 weeks of culture (first colonospheres) ( Supplementary Figure 1B) . The expanded primary colonospheres were positive for A33, which is expressed in almost all colonic epithelium irrespective of differentiation status 18, 19 ( Supplementary Figure 2) . These CRC colonospheres originated from a single cell rather than having developed by mere cell aggregation (Supplementary Figure 1C) . CD44, CD24, CD166, CD133 and aldehyde dehydrogenase 1 (ALDH1) have all been proposed as markers of CRC cancer stem cells. 20 In this context, the existence of various cancer stem cell populations in isolated colonospheres was evaluated. CD44 ϩ , CD24 ϩ , CD133 ϩ , or CD166 ϩ population was enriched in primary colonospheres ( Figure 1A and Supplementary Figure 3B and C, patients 7 and 8). CD44 ϩ , CD24 ϩ , or CD166 ϩ population was also enriched in HT29-derived or HCT15-derived colonospheres ( Figure 1A and Supplementary Figure 3A) . After spheroid cultivation, the CD44 ϩ and CD166 ϩ populations were most consistently enriched among the expanded colonospheres ( Figure 1A) .
To compare relative malignancy between the expanded colonospheres and the putative cancer stem cell populations of sorted and unsorted parental cells (Supplementary Figure 3E and F), as well as colonospheres derived from various sorted populations, these were subjected into soft agar assay and a spheroid-forming assay. CD44 ϩ cells formed more colonies and spheroids than CD44 Ϫ cells. However, double sorting with either for CD24 or CD133 did not further increase the number of malignant cells ( Figure 1B and C) . Colonosphere cells formed more colonies and spheroids than CD44 ϩ cells ( Figure 1B and C). Colonospheres from presorted CD44 ϩ or CD133 ϩ parental cells were not more malignant than spheres from nonsorted cells ( Figure 1B and C) . Colonospheres also harbored enhanced tumorigenicity in vivo (Supplementary Figure 4A ). Serum-free culture is therefore one useful approach to expanding malignant CRC stem-like cells.
CRC Spheres Inherit Stem Cell Properties
Because malignant cells harbor more stemness traits, 1 we examined stem cell and differentiation markers in the colonospheres. Sphere-derived adherent cells exhibited epithelial-like morphology on serum exposure (Supplementary Figure 1D ). Compared with parental cells or spherederived adherent cells, the expression levels of various stemness genes in colonospheres were significantly higher, whereas those of the differentiation markers CDX2 and BMP4 were lower (Figure 2A and Supplementary Figure 4B ). Stem-like colonospheres had a greater self-renewal ability compared with parental cells and sphere-derived adherent cells, as indexed the formation of second spheres ( Figure 2B and Supplementary Figure 4C , left). In addition, sphere cells formed more colonies in soft agar ( Figure 2C and Supplementary Figure 4C , right) and more efficiently produced bulky tumors in xenotransplanted mice ( Figure 2D and Supplementary Figure 4D Colonosphere cells also showed greater resistance to chemotherapy/radiotherapy as assessed by treatment with 5-fluorouracil and Co-60 irradiation, respectively ( Figure 2E ). Furthermore, colonospheres showed higher motility (Supplementary Figure 4F ) and higher in vivo hepatic and pulmonary metastatic ability ( Figure 2F ).
Snail Is Overexpressed in Colonospheres and Is Sufficient and Essential for the Introduction of Stemness and Malignancy Traits Into CRC Cells
To explore the molecules governing stemness and tumorigenicity in CRC colonospheres, we examined their transcriptome profile. A total of 7134 probe sets were specifically up-regulated or down-regulated in CRC colonospheres ( Figure 3A and Supplementary Table 2 ). The relative anchorage-independent (B) colony-forming and (C) spheroid-forming abilities of sorted parental cells, unsorted parental cells, and colonospheres expanded using defined medium culture. * P Ͻ .05; ** P Ͻ .01.
The colonosphere-enriched genes were subjected to a Gene Ontology (GO) database search 21 to find statistically overrepresented functional groups (P Ͻ .05; Figure 3A) . The predominant processes up-regulated in the colonospheres include those pertaining to cell growth, apoptosis, cell motility and adhesion, as well as those involved in ectoderm or epidermis development ( Figure 3A) . One of the most abundant factors in colonospheres was SNAI1 (Snail), which is a highly important EMT transcription factor 5, 6 (q ϭ 0.001833; Figure 3A ). The expression levels of interleukin (IL)-8 and vascular endothelial growth factor were also significantly higher ( Figure 3A) . The abundant expression of these genes in primary and cell linederived colonospheres was validated by quantitative polymerase chain reaction (qPCR) ( Figure 3A, right panel) . The occurrence of EMT is evidenced by down-regulation of E-cadherin together with up-regulation of N-cadherin during colonosphere formation (Supplementary Figure  5A) . Furthermore, Snail expression is significantly higher in CD44 ϩ HT29 colonospheres than in CD44 Ϫ colonospheres (not shown). Snail was also found to be upregulated in spheroids derived from HTB186 medulloblastoma cells and FaDu human head and neck cancer cells ( Figure 3B ), indicating a universal role for Snail in functioning of tumor cancer stem cells. However, the messenger RNA levels of another 2 critical EMT regulators, Slug (SNAI2) and Twist1, which were not in our up-regulated/down-regulated gene list, were not increased in colonospheres when examined by qPCR and immunoblotting (not shown).
Snail alone is able to enhance cancer cell self-renewal and has been shown to induce the creation of stem-like mammospheres from transformed mammary epithelial cells. 3 A similar scenario would seem to also occur in transformed colorectal cells. The stable overexpression of Snail in SW480 cells resulted in a higher self-renewal ability, as shown by greater colonosphere formation, while knockdown of Snail in HT29 cells resulted in the breakdown of colonospheres (Supplementary Figure 5B) . The transient overexpression of Snail in primary colonospheres, or stably in SW480 or HCT15 CRC cells, also induced the expression of the CD44 stem cell marker, while the knockdown of Snail in primary CRC colonospheres or HT29 cells diminished CD44 messenger RNA ( Figure 3C and Supplementary Figure 5C ). CRC cells that had undergone the EMT due to overexpression of Snail showed higher self-renewal ability because they formed more first sphere cells ( Figure 3D and Supplementary Figure 5D ). Snail also induced tumorigenicity in vitro and in vivo, forming more colonies in soft agar ( Figure 3E and Supplementary Figure 5E ) and more tumors in nude mice ( Figure 3F ). This enhanced self-renewal/malignancy as a result of Snail overexpression would seem also to cause induction of chemoradioresistance. Indeed, cells expressing higher levels of Snail were more resistant to 5-fluorouracil treatment and Cobalt-60 irradiation, while knockdown of Snail expression in HT29 cells reversed such resistance (Supplementary Figure 5F ).
Snail-Regulated Genes in Colonospheres
Although Snail induced various phenotypes, the underlying mechanisms are as yet unclear. We performed gene expression microarray analysis on SW480-Snail and SW480-Vector cells to gauge the transcriptome alternations induced by Snail. The gene expression patterns of these 2 cell lines were compared with those of various somatic or embryonic stem cells to assess any relationships present. Multidimensional scaling analysis showed that SW480-Snail cells were more similar to stem cells than SW480-Vector cells; mesenchymal stem cells and epithelial precursor cells were the closest cell types ( Figure  4A ). A dedifferentiated transcriptome drift is therefore induced by Snail in CRC cells.
In-depth analysis found that Snail regulated 3848 genes (Supplementary Table 3 ). Of those genes, 493 were also deregulated in colonospheres, with 227 being up-regulated and 266 being down-regulated in common ( Figure  4B and Supplementary Table 4 ). Because increasing evidence shows that genes do not act individually but rather collaborate in genetic networks, we subjected the Snail up-regulated colonosphere genes to an interactome analysis. A single major network consisting of most of the known stemness-related or pro-proliferating genes was identified ( Figure 4C ). Within this network, CD44 is the CRC stem cell marker that we had previously identified. Furthermore, LIF, CCL20, IL8, CXCL2, CD44, PDGFB, THBS1, and TNFRSF11B are secreted or cell membrane proteins and are therefore targetable by drugs ( Figure 4C , in yellow). This network also revealed genes with significant biological roles in the CRC stem-like cells; namely, IL8, JUN, EGR1, and CCND1 are hubs that show very high connectivity to other genes ( Figure 4C ). Dysregulation of these hubs may eventually lead to the disruption of the genetic network and malfunctioning of the colonosphere cells. Six Snail-regulated genes from the array analysis, including IL8 and JUN, were confirmed by qPCR ( Figure 4D ). The level of IL8 expression was found to be correlated with Snail in the CRC cell lines and primary colonospheres ( Figure 4E ; correlation coefficient ϭ 0.819 by Pearson correlation, P ϭ .004). Of note, the Snail expression levels in the SW480-Snail stable cell line, the HCT15-Snail stable cell line, and the cell line-derived colonospheres were similar to those in the primary colonospheres (Supplementary Figure 6) .
Coexpression of Snail, IL8, and CD44 in CRC Tissues
It has been reported that patients with CRC who have abundant Snail protein expression are more likely to develop distant metastases and have a poor survival outcome. 8, 9, 22 Overexpression of IL8 also correlates with a poor CRC prognosis. 23 To investigate the correlation between Snail and IL8 levels in cancer tissues and whether the Snail/IL8 axis is associated with the putative tumorinitiating cell marker CD44, we initially investigated the expression levels of these 3 genes in the NCI-60 array data set. 24 Cells that had undergone EMT, based on a negative correlation between Snail and CDH1 (E-cadherin), were selected for this task. The IL8 and CD44 levels were positively correlated with Snail in CRC cells as well as in cells of other cancer types (P ϭ .001 and P ϭ .002, respectively; Figure 5A ). Immunohistochemistry analysis was then performed on 52 paraffin-embedded CRC tissue samples (Supplementary Figure 7A) . Two cases with triple-positive or triple-negative staining for Snail/IL8/CD44 are shown in Figure 5B . A significant correlation between Snail and IL8 (P ϭ .009, Figure 5C ) and between Snail and membranous CD44 (P ϭ .014, Figure 5D ) was found. In contrast, CD24 and CD133 expression levels did not correlate with Snail expression (Supplementary Figure 7B-D) . IL8 was also correlated with CD44 expression (P ϭ .024, Figure 5E ). Furthermore, coexpression of Snail and IL8 showed a high correlation with the level of membranous CD44 (P ϭ .005, Figure 5F ). These results suggest the existence of a Snail/IL8 axis in clinical CRC samples and the correlation of this axis with the tumor-initiating cell marker CD44.
Direct Activation of IL8 Gene by Snail Through E-Boxes
Although Snail is a well-known transcription repressor, 25, 26 reports have also shown that Snail is able to active gene expression directly. 27 We elucidated how Snail activates IL8 expression. Overexpressing Snail in SW480 CRC cells induced cell motility, increased invasiveness ( Figure 6A) , and increased the IL8 protein level ( Figure 6A ). Ten putative Snail-binding sites, E-boxes with a motif sequence CANNTG, were identified in the proximal (Ϫ2000 to ϩ100 base pairs) promoter region of IL8. This suggests that Snail may up-regulate IL8 expression by binding directly to the IL8 promoter. Chromatin immunoprecipitation assays identified the presence of an interacting IL8 promoter fragment containing the first 4 E-boxes in SW480-Snail cells ( Figure  6B ), HCT15-Snail cells, and colonospheres (Supplementary Figure 8A and B). A positive control band for the CDH1 promoter region was also obtained as expected from the same chromatin immunoprecipitation set ( Figure 6B and Supplementary Figure 8A and B, first row). 
BASIC AND TRANSLATIONAL AT
We next performed reporter assays to investigate whether the IL8 promoter can be activated by Snail and to identify critical binding sites for Snail located within the IL8 promoter. This was done using reporter constructs containing different lengths of the IL8 promoter. Wildtype or mutated CDH1 promoter-containing reporter constructs were used as controls ( Figure 6C ). An increase in IL8 promoter activity was observed after transient transfection with wild-type Snail ( Figure 6D , the "350 bp" group), while CDH1 promoter activity was repressed (Figure 6D, CDH1) . Transfection with an inactive Snail mutant (Snail[⌬SNAG]) 28 neither activated the IL8 promoter nor suppressed the CDH1 promoter ( Figure 6D ). Deleting a region containing the putative E3 and E4 E-boxes (Ϫ352 to Ϫ291 base pairs) abolished IL8 promoter activation ( Figure 6D, 291 base pairs) . Site-directed mutagenesis of the E3 or E4 E-box hampered activation, with modification of the E3 having a higher impact ( Figure 6D ). These results show that Snail activates the expression of IL8 directly by binding to the E3/E4 E-boxes.
We next investigated whether IL8 is able to up-regulate Snail expression and form a feedback regulatory loop. When HCT15 cells were treated with recombinant IL8, although the positive controls using cyclin D1 and AKT were successfully induced, 29 neither Snail nor CD44 was up-regulated ( Figure 6E ). In contrast, transforming growth factor ␤1 successfully induced Snail expression and EMT in the same batch of cells ( Figure 6E ).
IL8 Is Critical for Snail-Induced Stemness and Targeting IL8 Inhibits CRC Tumor Growth
To show whether IL8 is required for the various Snail-induced phenotypes, small hairpin RNA-mediated IL8 repression was performed in SW480-Snail, HCT15-Snail, and HT29 cells. Stably down-regulating IL8 resulted in decreased expression of stemness genes (including Sox2, Nanog, and Oct4; Figure 7A and Supplementary Figure  9A ). Neutralizing IL8 activity by IL8 neutralizing antibody (nAb) in primary, HT29, and HCT15 colonospheres also affected the expression of Sox2, Nanog, or Oct4 ( Figure 7A , right panel, Supplementary Figure 9A , right panel, and Supplementary Figure 9B ). Knocking down of IL8 in cells overexpressing Snail or treating colonospheres with IL8 nAb diminished both first and second sphere formation ( Figure 7B and C and Supplementary Figure 9C and D) . The chemoresistance of SW480-Snail, HCT15-Snail, and HT29 cells was reduced when IL8 expression was blocked ( Figure 7D and Supplementary Figure 9E) . Furthermore, treating HT29 and HCT15 colonospheres with IL8 nAb sensitized them to the conventional chemotherapy drug 5-fluorouracil in a dose-dependent manner ( Figure 7D , right panel, and data not shown).
IL8 is a well-known angiogenic chemokine. 30 Induction of angiogenic phenotypes by selecting colonospheres or by Snail overexpression is able to be abolished by inactivation of IL8, as shown by endothelial cell proliferation, migration, and tube formation assays (Supplementary Figure 10) . In vivo implantation assays showed that stable knockdown of IL8 expression in SW480-Snail or HT29 colonosphere cells before implantation significantly decreased tumor size (Supplementary Figure 11) . When IL8 nAb was repeatedly injected into existing CRC bulky tumors, a significant reduction in the growth of the xenografts was observed ( Figure 7E ). As expected, IL8 nAb also resulted in the down-regulation of Oct4 and Sox2 expression in vivo ( Figure 7F ).
Discussion
Tumor development, progression, and prognosis remain positioned at the front line of medical research. Clinically, cancer cells with a poor differentiated pathological grading usually have a worse therapy response. 1 It has been proved that c-Myc, but not other tested oncogenes, is sufficient to reactivate the embryonic stem celllike program in normal and cancer cells. 31 The convergence of dedifferentiation and cancer malignancy also came from the discovery that EMT or Snail overexpression can induce the formation of mammospheres from transformed breast cancer epithelial cells and that tumor stem cells that have undergone EMT are more motile and show greater metastatic ability. 3, 4 However, it is still unclear how Snail contributes to cell dedifferentiation. We found that IL8 is a direct downstream target of Snail and that the Snail/IL8 axis seems to play a critical role in CRC stemness and malignancy. This discovery holds the promise of resolving major problems when treating colon cancer and other EMT-related phenomena because EMT regulators are not available as therapeutic drug targets at present.
Increased expression of the proangiogenic/proinflammatory chemokine IL8 (CXCL8) and/or its receptors (CXCR1/CXCR2) has been characterized in various cancer cells, endothelial cells, infiltrating neutrophils, and tumor-associated macrophages, which suggests that IL8 may function as a significant regulatory factor within the tumor microenvironment. 30 In prostate cancer, IL8 is a molecular determinant of androgen-independent cancer growth and progression. 30, 32 In colon cancer, IL8 is upregulated in cancerous tissues and is associated with tumor progression, liver metastasis, and poor tumor differentiation. 23, 33 IL8 also significantly stimulates the proliferation, migration, and invasion of CRC cells. 33, 34 A very recent report has shown that IL8 is able to be upregulated by deoxycholic acid in adenomatous polyposis coli (APC) gene-deficient cells during the initiation of colonic epithelium and that neutralizing IL8 is able to reduce the invasive potential of tumors. 35 IL8 has been linked to EMT in cancers because during transforming growth factor ␤-initiated EMT, IL8, and CXCR1 expression is induced. 36 Induction of IL8 also preserves the angiogenic response in HIF1␣-deficient CRC cells. 37 Because Snail is induced by hypoxia and transforming growth factor ␤, 38 the previously described findings hint at a link between IL8 and Snail. In this study, we have proven that there is a direct and causal connection between IL8 and Snail expression in CRC stem-like cells and have shown that depletion of IL8 reduces the stemness and tumorigenicity of CRC cells. Humanized monoclonal antibodies against IL8 therefore have the potential to be used as a treatment for patients with CRC, as has been found to be the case for other cancers and inflammatory diseases. 39, 40 Targeting tumor stem cells is still a major challenge, but there are also great opportunities in this area to discover new anticancer drugs. Agents targeting various oncogenic pathways in colon cancer have been developed and tested in clinical trials. 41 Various relationships between cytokines/chemokines and cancer stem cells have also recently been noticed. IL6 signaling has recently been shown to make a significant contribution in glioma stem cells. 42 Treating glioma stem cells with IL6 antibody decreases subcutaneous xenograft growth in mice. 42 IL6, together with IL17, also makes a contribution to tumorlike stem cells derived from human keloid. 43 We found that HT29 cancer stem-like cells also express more IL1␤, IL32, CCL28, CCL20, CCL14, and CXCL1-3 when compared with parental HT29 cells (Supplementary Table 2 ). CXCL2 and CCL20 are also up-regulated by Snail and enriched in colonospheres ( Figure 4C) . A combined therapy using an antibody cocktail thus may improve therapeutic effects on patients with CRC.
CD44 ϩ cells, as well as CD133 ϩ , CD24 ϩ , and CD166 ϩ cells, were enriched in colonospheres derived from either clinical tissues or cell lines ( Figure 1A ). Such complexity may reflect the heterogeneity of the cancer stem cell population in colon cancer. Whether all CD44 ϩ cells are cancer stem cells remain to be seen. Nevertheless, the CD44 ϩ population is consistently enriched in colonospheres ( Figure 1A) , and CD44 ϩ cells sorted from colonospheres were found to be more malignant than CD44 Ϫ cells (Supplementary Figure 12) . CD44 expression would seem to be induced by Snail ( Figure 3C and Supplementary Figure 5C ) and was found to correlate with Snail and IL8 expression ( Figure 5D and E). The Snail-IL8 axis therefore plays a crucial role in the CD44 ϩ CRC/cancer stem cells subgroup to some extent.
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Supplementary Materials and Methods
Cell Culture
Cell lines including human CRC lines (SW480 and HT29), human medulloblastoma HTB-186 (a DAOY metastatic cell line), and embryonic kidney 293T cells were grown in Dulbecco's modified Eagle medium (DMEM; Gibco, Carlsbad, CA) supplemented with 10% fetal bovine serum (FBS; Gibco). Human CRC lines HCT15 and SW620 and hypopharyngeal carcinoma FaDu cells were grown in RPMI 1640 (Gibco) supplemented with 10% FBS. Human CRC cell LS174T was grown in Eagle's MEM (Gibco) supplemented with 10% FBS (Gibco) and 1% NEAA (Gibco). Immortalized human microvascular endothelial cells HMEC-1 (ATCC no. CRL 10636) were cultured in endothelial cell growth medium MV (EGM MV; PromoCell, Heidelberg, Germany), and human umbilical vein endothelial cells were cultured in EGM MV-2 (PromoCell) medium on fibronectin-coated (Sigma, St Louis, MO) dishes.
Spheroid Formation and AnchorageIndependent Colony Formation Assay
Parental cells and colonospheres were dissociated into single-cell suspension by TrypLE Express (Invitrogen, Carlsbad, CA). A total of 1000 or 10,000 (for SW480) cells were suspended in stem cell medium by limiting dilution and cultured in a well of 96-well plates for 15 days. Spheroids larger than 50 m were counted, and colonospheres formed per well were considered as the spheroid-forming index. More than 20 wells were counted in each experimental set. In IL8-depleted spheroid formation experiments, 1 to 20 g/mL IL8 nAb (catalog no. AF-208-NA; R&D Systems Inc, Minneapolis, MN) or 20 g/mL normal goat immunoglobulin (Ig) G control (catalog no. AB-108-C; R&D Systems Inc) was added and fresh nAbs were supplemented again after 1 week. Anchorage-independent colony formation assay was performed as follows: each well (35 mm) of a 6-well culture dish was coated with 1 mL bottom agar mixture (RPMI or DMEM, 15% [vol/vol] FBS, 0.5% [wt/vol] agar, 1% [vol/vol] penicillin-streptomycin). After the bottom layer was solidified, 1 mL of top agar-medium mixture (RPMI or DMEM, 15% [vol/vol] FBS, 0.3% [wt/vol] agar, 1% [vol/vol] penicillin-streptomycin) containing 5000 cells was added, and the dishes were incubated at 37°C for 2 to 4 weeks. Plates were stained with 0.5 mL of 0.005% crystal violet for 1 hour before counting colony numbers. 1
In Vivo Metastasis Assay, Tumorigenicity Assay, and Green Fluorescence Intensity Detection
All procedures involving animals were in accordance with the Institutional Animal Welfare Guidelines of the Taipei Veterans General Hospital. BALB/c nude mice or NOD/SCID mice were purchased from the National Laboratory Animal Center, Taiwan, and were bred and maintained according to the Guidelines for Laboratory Animals in the Taipei Veterans General Hospital. Metastatic capability was determined by injected identical numbers of HT29-green fluorescent protein (GFP) parental and dissociated HT29-GFP colonosphere cells into the subcapsular region of spleen in anesthetized BALB/c nude mice. Mice were killed and examined for organ metastasis 3 months after injection. Tumorigenicity was determined by subcutaneously injecting parental cells, sorted cells, dissociated colonospheres, or stable cell lines into flanks of 6-to 8-week-old BALB/c nude mice (for HT29 and SW480 cells) or NOD/SCID mice (for HT29 and HCT15 cells). In IL8-depleted tumorigenic assay, 2 g IL8 nAb (catalog no. AF-208-NA; R&D Systems) and normal goat IgG control (catalog no. AB-108-C; R&D Systems Inc) were injected into the preestablished, HT29 colonosphere-derived tumor twice a week for a month (tumor volume reached about 50 mm 3 
Array Data and Bioinformatics Analysis
Total RNA was extracted for Affymetrix Human Genome U133 Plus 2.0 Array (Affymetrix,Santa Clara, CA) analysis. RNA collection, array hybridization, and feature selection were performed as described. 5 Stem cell array data were described in our previous work, 6 and epithelial precursor cell (EPC) array data were downloaded from the ArrayExpress database (E-MEXP-993). 7 Gene expression array data of the NCI-60 cell lines implemented with Affymetix HG-U133A and U133B chip platforms were downloaded from the CellMiner database (http://discover.nci.nih.gov/cellminer/). 8 Genetic network construction was performed by the Pathway Studio 6.2 (Ariadne Genomics, Rockville, MD) and the Ingenuity Pathway Analysis (IPA) software (Ingenuity Systems, Redwood City, CA). Heat maps were created using dChip software (http://biosun1.harvard.edu/complab/dchip/). Classical multidimensional scaling was performed using the standard function of the R program to provide a visual impression of how the various sample groups are related. The average-linkage distance was used to assess the similarity between 2 groups of gene expression profiles as described. 5 The difference in distance between 2 groups of sample expression profiles to a third was assessed by the comparison of corresponding average linkage distances (the mean of all pairwise distances [link-ages] between members of the 2 groups concerned). The error on such a comparison was estimated by combining the standard errors (the standard deviation of pairwise linkages divided by the square root of the number of linkages) of the average-linkage distances involved. 5 Gene annotation was performed by the ArrayFusion web tool (http://microarray .ym.edu.tw/tools/arrayfusion/) 9 and gene enrichment analysis by the DAVID 2008 Bioinformatics Resources (http://david.abcc.ncifcrf.gov/). 10 
Reverse Transcription and ReverseTranscription qPCR
One microgram of total RNA was subjected into first-strand complementary DNA synthesis by using the SuperScript III Reverse Transcriptase Kit (Invitrogen) as directed by the manufacturer. To design PCR primers, human pre-messenger RNA sequences were obtained from the National Center for Biotechnology Information AceView program (www.ncbi.nlm.nih.gov/AceView/) and all primers were designed by the Primer Express software (Applied Biosystems, Carlsbad, CA). All the primer sequences are listed in Supplementary Table 5A .
Reverse-transcription qPCR reactions were performed to validate expression level by using SYBR Green Supermix (BioRad, Hercules, CA), and specific products were detected and analyzed using the Roche LC480 real-time system (Roche, Basel, Switzerland). The expression level of each gene was normalized to the endogenous expression level of GAPDH and experimental control through ⌬⌬Ct methods.
Transient Transfection, Reporter Assay, and Chromatin Immunoprecipitation
Lipofectamine 2000 (Invitrogen) reagent was used for establishing stable lines (SW480-Snail, HCT15-Snail, and their corresponding vector controls), for transient transfection in Snail small hairpin RNA (shRNA) targeting experiment, and for reporter assays. The IL8 promoter region (-350 to ϩ16 base pairs) was cloned by PCR amplification of genomic DNA from 293T cells and then inserted into the BglII/HindIII sites of the pXP2 vector to generate the pXP2-IL8-350 parental construct. Various lengths of promoter fragments and E-box mutated fragments were cloned by PCR amplification of pXP2-IL8-350 parental construct into the pXP2 vector ( Figure 6C ). CDH1 reporter 3 and CDH1-mut reporter that contained mutated E-box were used as experimental controls. Reporter constructs were cotransfected with indicated expression constructs ( Figure 6D ) and ␤-gal internal control plasmids into 293T for 48 hours before the luciferase activity was measured. 2 All primers used in reporter construction are listed in Supplementary Table 5C . For chromatin immunoprecipitation assay, chromosomal DNA fragments were prepared as described. 2 Briefly, lysates were incubated with isotype IgG (catalog no. sc-2027; Santa Cruz Biotechnology Inc, Santa Cruz, CA) or antibody specific for Snail (catalog no. ab17732; Abcam, Cambridge, MA). The 221-base pair product from CDH1 proximal promoter (Ϫ194 to ϩ27 base pairs) flanking the Ϫ25/Ϫ80 E-box was used as a positive control. The primers used in chromatin immunoprecipitation assays are listed in Supplementary Table 5B .
Drug Resistance and MTT Assay
A total of 1 ϫ 10 4 cells were seeded per well in a 96-well plate and incubated overnight before treating with various concentrations of drugs. After 48 hours, medium was discarded and MTT assay solution was added onto cells for 3 hours at 37°C. Newly formed mitochondrial MTT crystals were dissolved with DMSO (J.T. Baker, Phillipsburg, NJ) and then read by a microplate reader (OD560/670; Spectramax 250, Molecular Devices Corp, Minneapolis, MN). To examine the drug resistance ability of IL8-depleted cells, 3 to 20 g/mL IL8 nAb (catalog no. AF-208-NA; R&D Systems Inc) or 20 g/mL normal goat IgG control (catalog no. AB-108-C; R&D Systems Inc) was pretreated for 12 hours on cells. These cells were then treated with drugs in the presence of nAb for another 48 hours.
Radiation Resistance Assay and Survival Curve
The radiation resistance assay was performed as described. 4 Briefly, 500 cells were seeded in RPMI 1640 (Gibco) supplemented with 10% FBS in a T25 flask 16 hours before Co-60 irradiation. Gamma radiation was delivered by Theratronic cobalt unit T-1000 (Theratronic Internation, Inc, Ottawa, Canada) at a dose rate of 1.1 Gy/min (SSD ϭ 57.5 cm). Each flask was exposed to 0, 2, 4, 6, 8, or 10 Gy radiation intensity of Cobalt-60 under the guidance of Taipei Veterans General Hospital, and colonies were stained with Giemsa stain at day 14 after radiation exposure. The survival curve was composed of survival fraction versus different radiation doses. The survival fraction was calculated by the following formulas: SF ϭ Number of Colonies/Plating Cells ϫ PE. PE (Plating Efficiency) ϭ Numbers of Control Colonies/ Seeding Cell Numbers.
Plasmid, siRNA, and shRNA Clones pcDNA3.1-Snail construct, pcDNA3.1 vector, pSUPER-scramble-siRNA, pXP2 reporter vector, and CDH1(E-cadherin) reporter were from a previous work. 3 The pSUPER-Snail-siRNA construct was generated previously. 11 The SNAG domain-deleted Snail mutant (Snail-[SNAG]), 12 CDH1-mut reporter containing mutated Ebox, and all the constructions mentioned previously were kindly provided by Dr M-H Yang. Various lengths of IL8 promoter fragments and fragments containing mutated E-box were inserted upstream of the luciferase gene from BglII to HindIII sites in the pXP2 vector (ATCC no. 37577). The reporter fragments E3-mut and E4-mut were generated by SOE PCR (splicing by overlap extension PCR) containing one mutated sequence in which the E-box (CANNTG) sequence was mutated from CACATG to TGTGCA and from CACCTG to TGTTCA, respectively ( Figure 6C ).
Lipofectamine 2000 (Invitrogen) reagent was used for stable line establishment and for transient transfection in reporter assays. To transiently silence the expression of endogenous target genes, Snail-specific small interfering RNA (siRNA) duplex (5-GCGAGCUGCAGGACUCUAAdTdT-3) 13 
Lentivirus Production and Transduction
For virus package, pCMV⌬R8.7, pDVsVg (from the National RNAi Core Facility, Taiwan), and pCDH1-MCS1-EF1-CopGFP were cotransfected into 293T cells by Lipofectamine 2000 (Invitrogen). Forty-eight to 72 hours later, virus supernatant was harvested for concentration. For virus transduction, cells were seeded onto 6-cm dishes and infected with 20-fold virus concentrates supplemented with 8 g/mL Polybrene (catalog no. 9268; Sigma, St. Louis, MO) for 12 hours before replacing with fresh medium. Cells were then selected by GFP sorting or puromycin (Sigma) for 2 weeks.
Immunohistochemistry Staining and Immunoblotting
Tumor specimens from mice or clinical human patients were washed with 1ϫ phosphate-buffered saline (PBS), fixed with 4% paraformaldehyde (Sigma), and embedded in Parafilm. All procedures were approved by the Institutional Review Board at the Taipei City Hospital, Taiwan. Sections (4 m thick) were deparaffinized and rehydrated before staining. Tissue antigens were retrieved by boiling in 10 mmol/L (pH 6) citrate buffer (Sigma) 3 minutes for 6 times. Sections were cooled down on ice for 30 Figure 7A I -III). IL8 expression was scored as follows: 0, no cytoplasmic expression; 1ϩ, weak cytoplasmic staining; and 2ϩ, strong cytoplasmic staining. Only 2ϩ was considered as increased IL8 expression (Supplementary Figure 7A IV-VI) . For CD44 expression, we graded the samples into negative when Ͻ5% of membranous CD44 was detected in cancer cells, whereas positive cases indicated Ն5% of cancer cells had membranous CD44 ( Supplementary Figure 7A VII-VIII). For CD133 and CD24 expression, we graded the samples as negative when Ͻ5% of membranous CD133 or CD24 was detected in cancer cells, whereas positive cases indicated Ն5% of cancer cells expressed membranous CD133 or CD24 (Supplementary Figure 7B ). Isotype IgG staining of CRC samples was used as a negative control of immunohistochemistry experiments (Supplementary Figure 7A IX) .
Immunoblotting was performed as described 6 with the following primary antibodies: Snail (catalog no. ab17732; Abcam), E-cadherin (catalog no. 4065; Cell Signaling), N-cadherin (catalog no. 610920; BD Biosciences, Franklin Lakes, NJ), Vimentin (catalog no. V6630; Sigma), IL8 (catalog no. AF-208-NA; R&D), CyclinD1 (catalog no. 2926; Cell Signaling), Akt (catalog no. 9272; Cell Signaling), Oct4 (catalog no. sc-9081; Santa Cruz Biotechnology), Sox2 (catalog no. ab75485; Abcam), ␤-actin (catalog no. MAB1501; Chemicon, Temecula, CA), and ␣-tubulin (catalog no. ab7291; Abcam). Secondary antibodies were as follows: bovine anti-rabbit IgG-HRP (catalog no. sc-2370; Santa Cruz Biotechnology), chicken anti-mouse IgG-HRP (catalog no. sc-2954; Santa Cruz Biotechnology), and chicken anti-goat IgG-HRP (catalog no. sc-2953; Santa Cruz Biotechnology). Immunoblots was visualized by the chemiluminescence detection system. Recombi-nant transforming growth factor ␤1 and IL8 were purchased from PeproTech Asia (Rehovot, Israel).
Immunofluorescent Assay
Cells were plated onto gelatin-coated glass coverslips overnight or by cytospin (for colonospheres) before fixation with 4% paraformaldehyde (Sigma) for 20 minutes at room temperature followed by PBS washes. Cells were permeabilized with 0.5% Triton X-100/PBS for 3 minutes at room temperature, washed with 1ϫ PBS, and blocked in 5 mg/mL BSA (Sigma) in PBS for 30 minutes before probing with A33 (catalog no. sc-50522; Santa Cruz Biotechnology) primary antibodies followed by the rhodamine-tagged secondary antibodies (catalog no. AP-132R; Chemicon). Fluorescence images were visualized with a fluorescence microscope.
Flow Cytometry and Cell Sorting
Single cell suspensions were prepared, washed by cooled 1ϫ PBS, and resuspended in incubation buffer (containing pH 7.2 PBS, 0.5% [wt/vol] BSA, and 2 mmol/L EDTA) on ice for 10 minutes for blocking. Cells were suspended in 1 mL incubation buffer to reach a final concentration of 2 ϫ 10 5 cells/mL before stained with 0.5 g/mL of the following primary antibodies on ice for 30 minutes: anti-CD133-PE (AC133-2; MACS Miltenyi, Bergisch Gladbach, Germany), anti-CD24-FITC (ML5; Biolegend, San Diego, CA), anti-CD166 (MCA1926F; Serotec, Raleigh, NC), anti-CD44-PE (IM7; Biolegend), and CD44-FITC (BJ18; Biolegend). Aldefluor assay kit (Aldagen, Durham, NC) was used for the detection of aldehyde dehydrogenase activity according to the manufacturer's instructions. Data were collected by the FACSCalibur flow cytometer (Becton-Dickinson, Franklin Lakes, NJ) and analyzed with CellQuest software (BD Biosciences) or FlowJo software (TreeStar, San Carlos, CA). Cell debris was excluded from the analysis based on scatter signals, and fluorescent compensation was adjusted when double stained. For fluorescent-activated cell sorting in HT29 and HCT15 cells, cells were suspended in incubation buffer, stained with indicated primary antibodies ( Figure  1B and C and Supplementary Figure 4A) , and subjected to the FACSAria (Becton-Dickinson) for single (CD133 or CD44) or double sorting (CD44/CD133 or CD44/ CD24). Positive populations were defined compared with isotype control staining groups. The fluorescence-activated cell sorting plots and the resultant purity of sorted cells are shown in Supplementary Figure 3A -F. The resulted purities of sorted populations were confirmed (Supplementary Figure 3E-F) , and only cells with Ͼ80% purity were applied for further analysis.
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